CONTEXT AND OBJECTIVE: The main causes of hepatic steatosis (HS) are alcoholic liver disease and nonalcoholic fatty liver disease (nAFLD). Although liver biopsy is the gold standard for nAFLD diagnosis, the finding of abnormal aminotransferases in abstinent individuals, without known liver disease, suggests the diagnosis of nAFLD in 80-90% of the cases. identification of clinical factors associated with HS on abdominal ultrasound may enable diagnoses of fatty liver non-invasively and cost-effectively. The aim here was to identify clinical variables associated with HS in individuals with elevated alanine aminotransferase (ALT) levels.
INTRODUCTION
Hepatic steatosis is a generic term that refers to the accumulation of triglycerides in the cytoplasm of hepatocytes. Fatty liver is usually diagnosed in individuals without clinical evidence of liver disease, after fortuitous identification of elevated serum aminotransferase levels. It is an important pathological condition because of its high prevalence, affecting about 25 to 35% of the United States adult population. 1 The main conditions associated with the presence of fatty liver are alcoholic liver disease and nonalcoholic fatty liver disease (NAFLD). 2 Fatty liver can also occur due to various other etiological factors, including the use of medications (such as tamoxifen and methotrexate) and toxins (such as carbon tetrachloride and arsenic) and the presence of chronic viral hepatitis B and C (most commonly in hepatitis C infection) and other metabolic diseases (such as hemochromatosis and Wilson's disease). 3 The evolution of liver disease is variable, according to the cause of steatosis. In alcoholic liver disease, the stages are similar to those of NAFLD and progress from steatosis to steatohepatitis with varying degrees of fibrosis, which can lead to cirrhosis. In viral hepatitis, liver fibrosis progression to cirrhosis is due to the presence of chronic active hepatitis. 4 Even if the evolution of NAFLD depends on the causative factor, the early stages may be reversible if early intervention is taken to remove the offending factor. Individuals with advanced fibrosis exhibit an increased risk of developing hepatocellular carcinoma, although this risk is less common in NAFLD than is seen in cirrhosis due to alcohol or the hepatitis C virus. 5 NAFLD is the most common cause of hepatic steatosis, along with elevated aminotransferase levels, and is present in 2.8 to 5.5 percent of the population. 2 Suspected NAFLD is among the leading causes of outpatient consultations with gastroenterologists and hepatologists. 2, 6 Although some patients are found to present painful hepatomegaly, the vast majority are asymptomatic, and liver disease is identified incidentally from routine laboratory tests or imaging. Its initial assessment consists of ruling out other causes of liver disease and identifying clinical comorbidities, particularly metabolic disorders. 7 The risk factors for NAFLD include obesity, diabetes mellitus, insulin resistance, dyslipidemia and systemic hypertension. 6, 8, 9 However, not all patients with metabolic syndrome develop hepatic steatosis. Laboratory tests frequently show changes in liver damage markers, particularly alanine aminotransferase (ALT), aspartate aminotransferase (AST) and gamma-glutamyltransferase (GGT). 6, [8] [9] In NAFLD, the ALT level is not correlated with the degree of histological activity and may be normal, even in the presence of advanced disease.
Although liver biopsy is considered to be the gold standard method for diagnosing and staging NAFLD, the finding of abnormal liver enzyme levels in individuals who do not abuse alcohol and do not have any known liver disease or risk factors suggests the diagnosis of NAFLD in 80-90% of the cases. 8 Identification of clinical and laboratory features associated with steatosis on abdominal ultrasound may make it possible to diagnose fatty liver in a non-invasive and cost-effective manner.
OBJECTIVE
The objective of this study was to identify the clinical and laboratory variables associated with steatosis on ultrasound examinations, among blood donors with elevated ALT and negative serological tests for hepatitis B and C viruses.
MATERIALS AND METHODS

Patients
This cross sectional study was carried out in a single tertiary care center (Hepatitis Section, Hospital São Paulo) and included donors who had been referred by the blood bank because they presented elevated ALT levels but were serologically negative for hepatitis B and C (hepatitis B surface antigen The study protocol conformed to the ethical guidelines of the 1975 Helsinki Declaration and was approved by our institutional review board.
Methods
Demographic, laboratory, ultrasound and other clinical variables were reviewed and extracted from standardized medical records. Only clinical data, laboratory tests and ultrasonography obtained within three months from the first medical consultation were used for this study. The patients included were analyzed for the following clinical and epidemiological characteristics: gender, age, body mass index (BMI), history of diabetes mellitus, history of dyslipidemia, alcohol abuse, occupational activity (healthcare field or other activity), risky sexual behavior (defined by identifying promiscuity [three or more partners within six months], previous sexually transmitted disease or homosexuality), and exposure to parenteral risk (characterized by parenteral use of drugs with sharing of injection equipment [intravenous drugs or illegal energy substances] or transfusion of blood components). History of diabetes mellitus was defined by previously diagnosed fasting glucose ≥ 126 mg/dl or glucose ≥ 200 mg/dl at any time, associated with symptoms or detected in an oral glucose tolerance test. History of dyslipidemia was defined as a prior diagnosis of hypertriglyceridemia (triglycerides ≥ 150 mg/dl) and/ or hypercholesterolemia (total cholesterol ≥ 200 mg/dl) and/or HDL < 50 mg/dl in women and < 40 mg/dl in men. Alcohol abuse was defined as reporting of alcohol consumption exceeding 20 g per day for women and 30 g per day for men one year prior to enrollment. Ultrasound data, regarding the presence or absence of hepatic steatosis, was obtained from the medical records.
With regard to the biochemical variables analyzed, ALT, AST, alkaline phosphatase (ALP) and GGT were expressed in the form of an index calculated as the ratio between the values obtained and the upper limit of normality (ULN). Thus, a test result was considered high when the resulting value was equal to or more than one ULN. The other parameters were expressed as absolute values.
Statistical analysis
Continuous variables were compared using Student's t test, or the Mann-Whitney U test when appropriate. Categorical variables were compared using Pearson's c 2 test or Fisher's exact test. P-values of less than 0.05 were considered statistically significant. Bivariate analysis and regression analysis were used to identify variables associated with the presence of liver steatosis on ultrasound. All tests were two-tailed and were performed using the Statistical Package for the Social Sciences (SPSS) software, version 15.0 (SPSS, Chicago, Illinois, USA).
RESULTS
Patient characteristics
During the study period, which covered nine years, 2,315 blood donors were referred from blood banks to the Hepatitis Division of Universidade Federal de São Paulo (Unifesp), Brazil, with abnormal liver test results. Among the subjects studied, 71 had insufficient data in the records. With regard to the reason for referral, 320 donors (14.3%) were attended because of high levels of ALT; 1,273 (56.7%) because of HBsAG and/ or anti-HBc positive or inconclusive tests; and 651 (29.0%) because of reactive or inconclusive anti-HCV results. Among the 320 subjects with elevated ALT levels and negative serological test results for viral hepatitis considered for inclusion in the study, 226 were excluded because they had not undergone abdominal ultrasound. The patient distribution is shown in Figure 1 .
The mean age was 37.0 ± 9.5 years, the mean BMI was 29.6 ± 4.6 kg/m 2 and male predominance was observed (88%). Ten percent of the patients had previously been diagnosed with diabetes, 54% had dyslipidemia and 26% had a history of alcohol abuse. The characteristics of the 94 individuals included in the study are shown in Table 1 . Given the high number of patients excluded, a comparative analysis was performed between them and the individuals included in the study (those who underwent ultrasonography) ( Table 1) . Overall, demographic and clinical characteristics were similar between the included and excluded individuals. The patients included were older than the patients excluded (37.0 ± 9.5 versus 34.1 ± 8.9; P = 0.010).
Factors associated with liver steatosis
Comparison of individuals with hepatic steatosis and those who did not have steatosis on ultrasound showed that the individuals with steatosis were older (39.3 ± 10.0 versus 35.3 ± 8.8 years; P = 0.043) and had higher BMI (31.6 ± 5.3 versus 28.4 ± 3.6 kg/m 2 ; P = 0.003) and higher prevalence of diabetes (20.6% versus 3.6%; P = 0.024). The distribution of the clinical and epidemiological characteristics of the 94 patients according to the presence of steatosis on ultrasonography is shown in Table 2 . Patients with steatosis on ultrasonography showed higher mean fasting glucose levels (118.4 ± 47.7 versus 98.7 ± 35.8 mg/dl; P = 0.001) and higher mean triglyceride levels (203.9 ± 104.9 versus 147.6 ± 90.9 mg/dl; P = 0.003). Biochemical variables according to the presence of steatosis at ultrasonography are shown in Table 3 .
Multivariate analysis showed that BMI (odds ratio, OR = 1.186; 95% confidence interval, CI: 1.049 to 1.341; P = 0.006) and history of diabetes mellitus (OR = 12.721; 95% CI: 1.380 to 117.247; P = 0.025) were independently associated with the presence of steatosis on ultrasonography.
DISCUSSION
Investigation of factors associated with steatosis has been highlighted in the medical literature over recent years. This is because of its high prevalence: it is the most common cause of chronic liver disease among adults and children in the United States. 10 The prevalence of fatty liver disease depends on the population studied and the method used for diagnosis. In the general population, the prevalence of fatty liver disease is 16 to 29% on ultrasonography, 11 31 to 34% on magnetic resonance imaging (MRI) 1, 12 and 15 to 39% on liver biopsy. Liver biopsy remains the gold standard method for diagnosing and staging fatty liver, since it enables fat quantification and identification of steatohepatitis and different degrees of fibrosis.
14 However, it is an invasive procedure, and the morbidity rates are certainly not negligible. Among the potentially serious complications, internal bleeding, bladder perforation, peritonitis, hematoma and infection can be mentioned. In fact, about 3% of the patients require hospitalization after undergoing liver biopsy. 15 Pain following the procedure and high cost are common causes of dissatisfaction. Furthermore, studies have shown that histological evaluations may be complicated by the possibility of sampling error and by considerable interobserver and intraobserver variability. Liver biopsies allow histological analysis on 1/50,000 of the liver. 16 The distribution of lipid deposits in fatty liver cases may be heterogeneous, and therefore, a single liver biopsy may not adequately represent the disease throughout the liver. 17 Hence, special attention has been given to noninvasive methods for identifying and quantifying hepatic steatosis. The conventional methods include abdominal ultrasonography, computed tomography (CT) and MRI . 4 Ultrasonography is the method of choice for the initial assessment of hepatic steatosis, since it presents a number of advantages over oth- Table 3 . Distribution of biochemical variables among 94 blood donors with elevated ALT, according to the presence of hepatic steatosis on ultrasonography xLSn = times the upper limit of normality; AST = aspartate aminotransferase; ALT = alanine aminotransferase; DB = direct bilirubin; ALP = alkaline phosphatase; GGT = gamma glutamyltransferase; *Student's t test or Mann-Whitney test, as appropriate for group comparisons. † Mean ± standard deviation and median.
er imaging methods: low cost, safety, non-use of intravenous contrast, wide availability and widespread acceptance by patients. 18 In the presence of hepatic steatosis, hyperechogenicity is observed on ultrasound examination in the liver parenchyma, associated with changes in echo texture, vascular blurring and deep attenuation. This corresponds to steatotic infiltration greater than 30% in both liver lobes, with sensitivity of 60 to 95% and specificity of 77 to 100%. 18 NAFLD prevalence increases with age, type 2 diabetes mellitus, obesity and hypertriglyceridemia. 6, 19 The association of NAFLD with gender is controversial: earlier studies indicated that NAFLD is more frequent among women, possibly because these studies included individuals referred to gastroenterologists. More recently, in populationbased studies, there has not been any such relationship. 19 Visceral obesity, defined by a high waist-hip ratio, is also considered to be a risk factor for NAFLD. The presence of hyperinsulinemia or insulin resistance and associations with some components of metabolic syndrome suggest that NAFLD may be the hepatic manifestation of metabolic syndrome. 20 Most studies have evaluated the risk factors for NAFLD using liver biopsy, but few studies have evaluated the risk factors for the presence of fatty liver on ultrasonography.
This study demonstrated that BMI and history of diabetes mellitus were independently associated with steatosis on abdominal ultrasound examination. Similar results were found by Ryan et al., 21 who assessed the presence of fatty liver on ultrasonography among HIV-positive individuals. Hepatic steatosis is present in two thirds of the obese population, regardless of the presence of diabetes, 22 and in more than 90% of morbidly obese individuals. 23 Not only is obesity a predisposing factor for the emergence of type 2 diabetes and metabolic syndrome itself, but also its association with diabetes may represent an additional risk for the development of NAFLD. In a study evaluating obese patients with diabetes, 100% had steatosis, 50% had steatohepatitis and 19% had cirrhosis. 23 This study has some limitations. Firstly, the retrospective data collection and the large number of excluded patients may have led to selection bias. However, the data were collected from standardized medical files by a single researcher and the characteristics of the individuals excluded from the study were generally similar to those of the individuals included. Secondly, the strict inclusion of subjects with elevated ALT could represent a limitation, because it is known that individuals with normal ALT may have hepatic steatosis. However, ALT is used as part of the laboratory tests requested for checkups, and because abnormal ALT levels suggest that liver disease is present, it is a frequent cause of referral to specialists. For this reason, the patients included in this study represent a valid population for evaluation. Finally, the use of ultrasound for diagnosing fatty liver is a less sensitive and specific method than liver biopsy. Ultrasound is also an examiner-dependent method, and it was not performed by a single examiner. However, as mentioned earlier, ultrasonography has an excellent cost-effectiveness ratio and it is widely available and easy to perform. For these reasons, it is the preferred test for use in the initial evaluation on patients with ALT elevation. 24, 25 Furthermore, the fact that the ultrasound data was obtained from the medical records may represent an advantage, since this reflects day-to-day clinical practice.
CONCLUSIONS
In conclusion, hepatic steatosis is frequently found in patients referred because of elevated ALT and negative serological tests for viral hepatitis. Simple clinical findings such as a history of diabetes mellitus and high BMI may predict the presence of fatty liver on ultrasonography among these patients.
